The FDTD simulation was performed with the Lumerical FDTD solution software package on a discrete, non-uniformly spaced mesh with a maximum resolution 2.0 nm. The TiO2 substrate was assumed to behave as a dielectric with a refractive index n = 2.5. In the simulation, a linear polarized plane wave was irradiated onto the structures from TiO2 at a normal incidence angle; the surface roughness of TiO2 at the interface of TiO2 and PSK was varied from 0 to 40 nm as a root-mean-square roughness (Rrms). The optical properties of the PSK were obtained with the data from L. J. Phillips et al. [*] [*] L. J. Phillips, et. al., Dispersion relation data for methylammonium lead triiodide perovskite deposited on a (100) silicon wafer using a two-step vapour-phase reaction process, Data in Brief, 5, 926-928 (2015) . Figure S5 . (a) X-ray photoelectron spectra of wide-scan of ALD-TiO2, MAPbI3 and MAPbI3 on ALD-TiO2, respectively. Narrow-range X-ray photoelectron spectra of (b) Ti 2p1/2 and Ti 2p3/2 ,and (c) O 1s for TiO2. Narrow-range X-ray photoelectron spectra of (d) Pb 4f and (e) I 3d for MAPbI3 and MAPbI3 on ALD-TiO2. Table S5 . Photovoltaic parameters of fifteen PSC devices made of ALD-TiO2 300 nm as HBL under simulated AM-1.5G illumination (power density 100 mW cm -2 ) with active area 0.09 cm 2 .
